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Abstract
Background: Zinc deficiency is commonly prevalent in children in developing countries and plays a role in
decreased immunity and increased risk of infection. Preventive zinc supplementation in healthy children can
reduce mortality due to common causes like diarrhea, pneumonia and malaria. The main objective was to
determine all-cause mortality and cause-specific mortality and morbidity in children under five in developing
countries for preventive zinc supplementation.
Data sources/ review methods: A literature search was carried out on PubMed, the Cochrane Library and the
WHO regional databases to identify RCTs on zinc supplementation for greater than 3 months in children less than
5 years of age in developing countries and its effect on mortality was analyzed.
Results: The effect of preventive zinc supplementation on mortality was given in eight trials, while cause specific
mortality data was given in five of these eight trials. Zinc supplementation alone was associated with a statistically
insignificant 9% (RR = 0.91; 95% CI: 0.82, 1.01) reduction in all cause mortality in the intervention group as compared to
controls using a random effect model. The impact on diarrhea-specific mortality of zinc alone was a non-significant 18%
reduction (RR = 0.82; 95% CI: 0.64, 1.05) and 15% for pneumonia-specific mortality (RR = 0.85; 95% CI: 0.65, 1.11). The
incidence of diarrhea showed a 13% reduction with preventive zinc supplementation (RR = 0.87; 95% CI: 0.81, 0.94) and
a 19% reduction in pneumonia morbidity (RR = 0.81; 95% CI: 0.73, 0.90). Keeping in mind the direction of effect of zinc
supplementation in reducing diarrhea and pneumonia related morbidity and mortality; we considered all the outcomes
for selection of effectiveness estimate for inclusion in the LiST model. After application of the CHERG rules with
consideration to quality of evidence and rule # 6, we used the most conservative estimates as a surrogate for mortality.
We, therefore, conclude that zinc supplementation in children is associated with a reduction in diarrhea mortality of
13% and pneumonia mortality of 15% for inclusion in the LiST tool. Preventive zinc supplementation had no effect on
malaria specific mortality (RR = 0.90; 95% CI: 0.77, 1.06) or incidence of malaria (RR=0.92; 95 % CI 0.82-1.04)
Conclusion: Zinc supplementation results in reductions in diarrhea and pneumonia mortality.
Introduction
About 30% of the world’s population is zinc deficient
[1], most prevalent in children under 5 years of age in
developing countries [2]. Zinc deficiency is associated
with impaired immune function which results in an
increase in morbidity due to infections, growth
retardation, hypogonadism and cognitive dysfunction
[3,4]. Zinc deficiency is primarily related to the con-
sumed diet; zinc is most abundant and easily absorbable
from animal proteins, whereas consumption of vegetable
and cereals decreases its absorption due to binding of
zinc to phytates [5,6].
Over the past two decades, strong evidence has come
forward from multiple randomized controlled trials, in
both developed and developing countries, showing an
effect of zinc in decreasing morbidity and mortality in
* Correspondence: zulfiqar.bhutta@aku.edu
1Division of Women & Child Health, The Aga Khan University, Karachi,
Pakistan
Full list of author information is available at the end of the article
Yakoob et al. BMC Public Health 2011, 11(Suppl 3):S23
http://www.biomedcentral.com/1471-2458/11/S3/S23
© 2011 Yakoob et al; licensee BioMed Central Ltd. This is an open access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
children due to gastrointestinal and respiratory infec-
tions [7,8]. More recent trials from sub-Saharan coun-
tries have also shown an effect on malarial morbidity
[9]. This effect of zinc against infectious diseases is ther-
apeutic as well as preventive. Previous reviews by the
Zinc Investigators’ Collaborative Group in 1999 [10] and
by Aggarwal et al. [11] have studied the effect of preven-
tive zinc supplementation on diarrheal and respiratory
morbidity. The current systematic review presents the
effect of zinc supplementation on mortality in children
less than 5 years of age in developing countries. The evi-
dence for the effect of zinc supplementation on cause-
specific mortality and morbidity is assessed for diarrhea,
pneumonia and malaria according to guidelines set by
the Child Health Epidemiology reference Group
(CHERG) for input into the Lives Saved Tool (LiST)
model [12].
Methods
Searching
A comprehensive literature search was conducted using
the following search strategy: zinc AND (infection OR
diarrhea OR pneumonia OR ARI OR malaria OR mor-
bidity OR mortality OR death) in electronic biblio-
graphic databases i.e. PubMed, the Cochrane Library
and WHO regional search engines, including articles
cited up to September 25th 2010 . The limits used were
“Humans” and “Randomized controlled trials”. Addi-
tional studies were obtained through hand search of
references from identified studies. One author reviewed
the titles and abstracts to identify controlled studies
conducted in developing countries in which supplemen-
tal zinc was administered and outcomes on mortality or
morbidity were reported. Two authors independently
assessed eligibility using the pre-defined inclusion and
exclusion criteria and performed the data extraction.
Any discrepancies between the reviewers in either the
decision of inclusion or exclusion of studies or in data
extraction were resolved by discussion aimed at reaching
consensus among all.
Selection (inclusion/exclusion criteria)
Individual- or cluster-randomized controlled trials of
routine (i.e. daily or weekly) zinc supplementation admi-
nistered to children less than 5 years of age in develop-
ing countries.
• Studies with zinc supplementation carried out for 3
months of intervention in both intervention and com-
parison groups.
• Trials in which other nutrient co-interventions [e.g.,
vitamin A, riboflavin, iron-folic acid (IFA)] were admi-
nistered to both control and zinc arms were included.
Results were analyzed with and without studies in which
zinc was given with IFA.
• Studies on small-for-gestational age or low birth
weight infants were excluded from the review.
Validity assessment
The quality assessment of each study was carried out on
key variables with regard to study design, study limita-
tions, intervention specifics, and outcome specific and
graded according to the adapted GRADE technique
[12,13]. Any study with a final grade of very low was
excluded from the review. This review is shaped in large
part by the needs of the LiST model. In this model,
increases in coverage of an intervention results in a
reduction of one or more cause-specific deaths or in
reduction of a risk factor. Therefore the reviews and the
grade process used were designed to develop estimates
of the effect of an intervention in reducing either a risk
factor or a death due to specific cause. For more details
of the review methods, the adapted grade approach or
the LiST model, see the method’s paper[12].
Data abstraction
Data from all studies that met final inclusion and exclu-
sion criteria were abstracted into a standardised form
for each outcome of interest [12]. Data extracted from
each eligible study included the following primary out-
come variables: total number of deaths in both arms,
deaths due to specific infection (diarrhea, pneumonia or
malaria), the total number of episodes of illness (diar-
rhea, pneumonia and malaria) in each arm, the total
amount of person-time accumulated in each arm
(reported as person-days) and incidence rate ratio (IRR).
Quantitative data synthesis
Meta-analyses were generated for all-cause mortality
and cause specific mortality of diarrhea, pneumonia and
malaria in children under 5 years of age. Pooled esti-
mates for incidence of diarrhea, respiratory disease and
malaria were also generated. Data from cluster rando-
mised trials were pooled with that of individual rando-
mised trial. In this case, cluster adjusted values were
used irrespective of method used by the primary
authors. Generic inverse variance method of meta-ana-
lyses was used for pooling the data. The assessment of
statistical heterogeneity among trials was done by visual
inspection i.e. the overlap of the confidence intervals
among the studies, and by the Chi square (P-value) of
heterogeneity in the meta-analyses. A low P value (less
than 0.10) or a large chi-squared statistic relative to its
degree of freedom was considered as providing evidence
of heterogeneity. The I2 values were also looked into,
and an I2 greater than 50% was taken to represent sub-
stantial heterogeneity. In situations of substantial hetero-
geneity being present, causes were explored, sub-group
analyses performed and random effects model was used.
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Results of pooled estimates are described as relative risk
(RR) with 95% CI. All meta-analyses were conducted
using the software RevMan version 5 [14]. Data, where
available, were taken for zinc versus placebo/no treat-
ment (control) groups and for zinc plus other micronu-
trient versus other micronutrient, making zinc
supplementation the only difference between the inter-
vention and control groups.
We followed standardized guidelines of Child Health
Epidemiology Reference Group (CHERG) to get esti-
mates of effectiveness of preventive zinc supplementa-
tion in reducing diarrhea and pneumonia specific
mortality [12]. Application of CHERG rules is based on
three components 1) the volume and consistency of the
evidence; 2) the size of the effect, or risk ratio and 3)
the strength of the statistical evidence for an association
between the intervention and outcome. The detailed
description and application of these rules to collective
morbidity and mortality outcomes is provided in the
results and discussion section.
Results
Trial flow
The search on the electronic database and papers from
hand searches yielded 336 titles out of which 18 studies
were included in the present review [15-32] (Figure 1).
Study characteristics
In the included papers, there were two cluster rando-
mized controlled trials [30,31] and the remaining were
individual randomized controlled trials [7,15-29,32,33].
All the trials assessing the effect of zinc supplementa-
tion were conducted in developing countries. There
were 11 studies from Asia [16,18,20-23,25,26,30,31,33],
5 from Africa [17,19,24,27,28] and 3 from Latin Amer-
ica [15,29,32]. Participants in most of the studies were
apparently healthy children. One trial included partici-
pants that had diarrhea in the past 24 hours [7,25],
one included participants with persistent diarrhea [32],
one trial enrolled stunted children [23] and in one
study half of the children were stunted and half were
non-stunted [24]. One study included participants
older than 5 years of age [15]; however, disaggregated
data on children < 5 years of age were available. One
study on morbidity compared weekly supplementation
versus daily supplementation with a placebo group,
both the regimens were included in the analysis as two
data sets (Gupta a , Gupta b) [16]. One study exclu-
sively included HIV-positive children [28], while Lua-
beya et al. included HIV-positive, HIV-negative
children born to HIV-positive mothers and HIV-nega-
tive children born to HIV-negative mothers [19].Addi-
tional File 1 gives the characteristics of included
studies.
The dose of zinc supplementation ranged from 10 to
20 mg with a median of 10 mg. The duration of supple-
mentation ranged from 4.6 to 18 months with a median
of 6 months. Participants in all the studies were supple-
mented with zinc daily except in two studies where
there was a weekly supplementation [16,21]. In three
studies zinc was supplemented with multiple micronu-
trients [22,27,28]. Additional File 2 is the risk of bias
table for all included trials according to the latest
recommendations for the Cochrane Handbook.
Quantitative data synthesis
All cause mortality
Mortality data was reported in ten papers comprising
eight trials [17,19,21,26-28,30,31,34,35]. Of these, one
was cluster RCT [30,34] and seven were individual
RCTs [17,19,21,26,28,31,35]. One trial exclusively
included infants < 12 months of age [21]; the other
seven trials on mortality included children between 1 to
60 months of age [17,19,26,28,30,31,35]. Zinc was given
with vitamin A in three trials [19,27,34], with multiple
micronutrients in one [28] and alone in two trials
[21,26]. But in all these studies, zinc was the only differ-
ence between the intervention and control groups.
Three papers included IFA given in treatment and con-
trol arms [30,31,35].
Some studies were excluded from this analysis. The
study on mortality by Sazawal et al [36] included only
small for gestational age children, and the comparison
was between zinc supplementation and supplementation
with other micronutrients without any zinc, hence it
was not included in the present analysis. The study by
Lira et al. was excluded as supplementation was given
for less than 3 months [37].
Zinc supplementation alone was associated with a sta-
tistically insignificant 9% (RR = 0.91; 95% CI: 0.82, 1.01;
fixed effect model) reduction in all cause mortality in
the intervention group as compared to controls using a
fixed effect model (Figure 2). When studies in which
zinc was given with iron and folic acid (IFA) [30,31,35]
were included in the above analysis, the overall effect on
mortality was reduced to 5% (RR = 0.95; 95% CI: 0.88,
1.02; fixed effect model), though also non-significant
(Figure 2).
Cause specific mortality
Data on cause specific mortality due to diarrhea, pneu-
monia and malaria was provided among five trials con-
sisting of six articles [21,27,28,30,31,34]. In all of these
studies cause of death was usually ascertained through
hospital records and verbal autopsies.
Diarrhea specific mortality was presented in five trials
consisting of six papers [21,27,28,30,31,34]. Analysis
showed a non-significant 18% reduction in deaths due
to diarrheal diseases (RR = 0.82; 95% CI: 0.64, 1.05;
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fixed effect model) among studies using zinc supple-
mentation alone (Figure 3A). The effect decreased to 9%
but remained insignificant (RR = 0.91; 95% CI: 0.76,
1.09) after inclusion of the two studies [30,31] with IFA
supplementation as co-intervention in both the treat-
ment and control arms. According to CHERG rules, we
took the estimate of cause specific mortality reduction
based on zinc supplementation only studies. Using the
modified GRADE criteria, we rated the qualitative
assessment for the above outcomes as low quality [12].
According to CHERG rules for evidence review, low
quality evidence on cause specific mortality cannot be
used as an effectiveness estimate on mortality reduction
for an intervention and other outcomes should be
reviewed [12].
Cause specific mortality data due to pneumonia were
included in five trials presented in six papers
[21,27,28,30,31,34]. Analysis of zinc supplementation
only trials showed a 15% non-significant reduction in
pneumonia specific mortality (RR = 0.85; 95%: CI 0.65,
1.11) in zinc recipients compared to controls. Further
inclusion of studies with IFA [30,31] showed a 20%
reduction in pneumonia specific mortality which did
reach statistical significance (RR = 0.80; 95% CI: 0.67,
0.96) (Figure 3B). In one study [21] there were no
deaths due to pneumonia in the zinc arm and 10 deaths
in the control arm; the results remained consistent with
reduction in mortality due to pneumonia after exclusion
of the mentioned study. According to CHERG rules for
evidence review, the level of evidence in support of zinc
supplementation affecting pneumonia mortality in under
5 children was of low quality, as the overall results from
trials of zinc supplementation alone on pneumonia mor-
tality were statistically non-significant.
Malaria specific mortality data were provided in one
large trial from Africa with zinc supplementation com-
pared to placebo [27]. This was a large randomized con-
trolled trial, with an overall high grade given to the
individual study. There were 272 deaths in the zinc sup-
plementation arm and 302 deaths in the control arm,
and a 10% non-significant reduction in malaria specific
mortality was observed (RR = 0.90; 95% CI: 0.77, 1.06).
Number?of?studies?identified?
(n?=???336)
Records?excluded?
(n?=?296)?
Full?text?articles?assessed?for?
eligibility?(n?=?40)?
Records?screened?
(n?=?336)?
Full?text?articles?excluded?
(n?=22)?
All?cause?
mortality?
?n=8? ? ??
Pneumonia?
specific?morbidity?
n=6?
Pneumonia?
specific?mortality?
n=5? ??
Diarrhea?specific?
morbidity?
n=14? ?
Diarrhea?specific?
mortality?
n=5? ??
Studies?included?in?the?
review?
?(n?=?18)?
Figure 1 Flow diagram showing identification of studies.
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As the above data was provided from a single study the
quality of overall evidence was rated as low.
Cause-specific morbidity impact estimation
Morbidity data on incidence of diarrhea were presented in
14 trials that met our eligibility criteria [15-25,28,29,34].
Generally, the age of the included participants ranged
from newborn healthy children aged 5 years of age. In the
study by Richard et al. children up to 15 years of age were
included, however disaggregated data were available for
children < 5 years of age [15]. In the study by Long et al.
there were four groups: zinc, vitamin A plus zinc, vitamin
A and placebo [29]. We were unable to compute risk ratio
for zinc plus vitamin A versus vitamin A group and so
used the risk ratio for zinc versus placebo only. Studies
where zinc was given with IFA were not considered for
any of the morbidity analyses.
The pooled analysis showed a significant reduction of
13% (RR = 0.87; 95% CI: 0.81, 0.94); random effects
model) on the incidence of diarrheal episodes in zinc
supplemented group as compared to control group
(Figure 4). Hospitalization due to diarrheal episodes was
reported by one study [19] with less than 50 events and,
therefore, could not be included in the review as per
CHERG rules [12].
The effect of zinc supplementation on pneumonia
morbidity (definition rapid respiratory rate with or with-
out other signs of pneumonia) was estimated from six
RCTs [7,19,21,28,32,33]. Three RCTs [15,18,22] and
data from one cluster RCTs [34] were not included in
this morbidity analysis because the diagnostic signs used
did not clearly identify pneumonia or depended upon
self reporting by the patient. The analysis showed a 19%
reduction in pneumonia morbidity in children who
received zinc as compared to control (RR = 0.81; 95%
CI: 0.73, 0.90) (Figure 5).
Four studies [9,15,17,26] evaluated the effect of zinc
supplementation on incidence of uncomplicated malarial
episodes with parasitemia. The pooled estimate of effect
was an 8% (RR 0.92; 95% CI 0.82, 1.04) reduction in
occurrence of malarial episodes in the zinc group as
compared to control.
Discussion
The benefits of preventive zinc supplementation are well
established on morbidity related to infections, however;
there has been no attempt to quantify the effect of preven-
tive zinc supplementation on cause specific mortality in
children which is a new aspect in our review compared to
Study or Subgroup
5.2.1 Zinc alone versus control
Bobat
Brooks
Luabeya
Muller
Sazawal 2007
Shankar
Tielsch 2007
Subtotal (95% CI)
Heterogeneity: Chi² = 12.08, df = 6 (P = 0.06); I² = 50%
Test for overall effect: Z = 1.79 (P = 0.07)
5.2.2 Zinc plus IFA versus IFA
Bhandari 2007
Sazawal 2006
Tielsch 2006
Subtotal (95% CI)
Heterogeneity: Chi² = 0.23, df = 2 (P = 0.89); I² = 0%
Test for overall effect: Z = 0.12 (P = 0.91)
Total (95% CI)
Heterogeneity: Chi² = 13.51, df = 9 (P = 0.14); I² = 33%
Test for overall effect: Z = 1.43 (P = 0.15)
Test for subgroup differences: Chi² = 1.19, df = 1 (P = 0.27), I² = 16.3%
Weight
0.3%
0.3%
0.3%
0.6%
30.2%
0.1%
24.9%
56.6%
22.8%
11.9%
8.7%
43.4%
100.0%
IV, Fixed, 95% CI
0.31 [0.07, 1.37]
0.17 [0.04, 0.72]
2.00 [0.51, 7.84]
0.41 [0.15, 1.12]
0.93 [0.81, 1.07]
3.04 [0.32, 28.88]
0.92 [0.79, 1.07]
0.91 [0.82, 1.01]
1.02 [0.87, 1.20]
0.96 [0.77, 1.20]
0.97 [0.75, 1.25]
0.99 [0.88, 1.11]
0.95 [0.88, 1.02]
Risk Ratio Risk Ratio
IV, Fixed, 95% CI
0.1 0.2 0.5 1 2 5 10
Favours experimental Favours control
Figure 2 Effect of zinc supplementation on all-cause mortality in children less than five years of age.
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previous reviews on the subject. In their review of preven-
tive zinc supplementation, Brown et al. [38] pooled data
on children across all age groups (infants, preschoolers
and older prepubertal children) and reported a 6% non-
significant reduction in all-cause mortality. They also indi-
cated that the mortality reduction with zinc supplementa-
tion versus placebo was only significant (18%) among
children older than 12 months of age, with a tendency
A)
Study or Subgroup
5.4.1 Zinc alone vs. control
Bobat
Brooks
Sazawal 2007
Tielsch 2007
Subtotal (95% CI)
Heterogeneity: Chi² = 1.53, df = 3 (P = 0.68); I² = 0%
Test for overall effect: Z = 1.55 (P = 0.12)
5.4.2 Zinc plus IFA vs. IFA
Bhandari 2007
Tielsch 2006
Subtotal (95% CI)
Heterogeneity: Chi² = 0.04, df = 1 (P = 0.84); I² = 0%
Test for overall effect: Z = 0.20 (P = 0.84)
Total (95% CI)
Heterogeneity: Chi² = 3.00, df = 5 (P = 0.70); I² = 0%
Test for overall effect: Z = 1.01 (P = 0.31)
Test for subgroup differences: Chi² = 1.43, df = 1 (P = 0.23), I² = 29.9%
Weight
0.3%
0.6%
7.1%
46.4%
54.5%
29.3%
16.2%
45.5%
100.0%
IV, Fixed, 95% CI
0.22 [0.01, 4.84]
2.39 [0.22, 25.97]
0.89 [0.45, 1.76]
0.81 [0.62, 1.06]
0.82 [0.64, 1.05]
1.05 [0.75, 1.47]
0.99 [0.63, 1.56]
1.03 [0.78, 1.35]
0.91 [0.76, 1.09]
Risk Ratio Risk Ratio
IV, Fixed, 95% CI
0.1 0.2 0.5 1 2 5 10
Favours experimental Favours control
B)
Study or Subgroup
5.5.1 Zinc alone vs. control
Bobat
Brooks
Sazawal 2007
Tielsch 2007
Subtotal (95% CI)
Heterogeneity: Chi² = 4.88, df = 3 (P = 0.18); I² = 39%
Test for overall effect: Z = 1.21 (P = 0.23)
5.5.2 Zinc plus IFA vs. IFA
Bhandari 2007
Tielsch 2006
Subtotal (95% CI)
Heterogeneity: Chi² = 0.47, df = 1 (P = 0.49); I² = 0%
Test for overall effect: Z = 2.09 (P = 0.04)
Total (95% CI)
Heterogeneity: Chi² = 5.68, df = 5 (P = 0.34); I² = 12%
Test for overall effect: Z = 2.35 (P = 0.02)
Test for subgroup differences: Chi² = 0.32, df = 1 (P = 0.57), I² = 0%
Weight
1.5%
0.4%
10.5%
34.9%
47.4%
41.9%
10.7%
52.6%
100.0%
IV, Fixed, 95% CI
0.36 [0.08, 1.62]
0.06 [0.00, 0.97]
0.88 [0.50, 1.55]
0.90 [0.66, 1.23]
0.85 [0.65, 1.11]
0.73 [0.55, 0.97]
0.91 [0.52, 1.59]
0.76 [0.59, 0.98]
0.80 [0.67, 0.96]
Risk Ratio Risk Ratio
IV, Fixed, 95% CI
0.2 0.5 1 2 5
Favours experimental Favours control
Figure 3 Forest plot for the effect of zinc supplementation on cause-specific mortality in children less than five years of age: A) due to diarrheal
diseases B) due to pneumonia.
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towards increased mortality in children less than 12
months. We, on the other hand, have evaluated the effect
of zinc on all cause mortality, cause specific mortality and
cause specific morbidity in children less than 5 years of
age from developing countries receiving preventive zinc
supplementation for a minimum period of three months.
The studies of shorter duration were excluded as preven-
tive zinc supplementation may require longer duration of
supplementation to replete the body stores compared to
that of therapeutic supplementation for diarrhea/pneumo-
nia where two weekly doses are enough to fulfill the acute
deficiency. Our results are similar to those reported by
Brown et al., even though we restricted to the studies with
children less than five years of age. Our 9% reduction in
all-cause mortality was also non-significant. In our review,
for the LiST model, estimates are presented from zinc
only studies compared with placebo/no treatment, which
may not be applicable to countries where there are on-
going national supplementation programs of iron-folate,
for example, India.
Table 1 gives grade quality of overall evidence. Zinc
supplementation alone was associated with non-signifi-
cant reductions in mortality due to diarrhea, pneumonia
and malaria. Table 2 summarizes the application of
Study or Subgroup
Baqui
Bhandari 2002
Bobat
Brooks
Gupta 2003a
Gupta 2003b
Long 2006a
Luabeya
Muller
Ninh
Osendarp
Richard 2006a
Sazawal 1997
Tielsch 2007
Umeta
Total (95% CI)
Heterogeneity: Tau² = 0.01; Chi² = 66.47, df = 14 (P < 0.00001); I² = 79%
Test for overall effect: Z = 3.62 (P = 0.0003)
Weight
8.7%
10.1%
2.6%
10.3%
1.7%
1.7%
7.9%
8.9%
9.4%
4.5%
7.1%
4.8%
8.8%
10.5%
3.1%
100.0%
IV, Random, 95% CI
0.98 [0.87, 1.10]
0.88 [0.82, 0.94]
0.51 [0.34, 0.77]
0.94 [0.88, 1.00]
0.41 [0.24, 0.70]
0.41 [0.24, 0.70]
1.13 [0.98, 1.30]
0.94 [0.84, 1.05]
0.87 [0.79, 0.96]
0.71 [0.54, 0.93]
1.10 [0.93, 1.30]
0.70 [0.54, 0.91]
0.92 [0.82, 1.03]
0.96 [0.91, 1.01]
0.46 [0.32, 0.66]
0.87 [0.81, 0.94]
Risk Ratio Risk Ratio
IV, Random, 95% CI
0.01 0.1 1 10 100
Favours experimental Favours control
Figure 4 Forest plot for the effect of zinc supplementation on diarrhea morbidity (incidence).
Study or Subgroup
Bhandari 2002
Bobat
Brooks
Luabeya
Penny
Sazawal 1998a
Total (95% CI)
Heterogeneity: Chi² = 4.70, df = 5 (P = 0.45); I² = 0%
Test for overall effect: Z = 4.03 (P < 0.0001)
Weight
14.6%
11.1%
64.7%
3.0%
2.6%
4.1%
100.0%
IV, Fixed, 95% CI
0.76 [0.58, 1.00]
0.75 [0.55, 1.02]
0.83 [0.73, 0.94]
1.18 [0.65, 2.14]
0.99 [0.52, 1.88]
0.55 [0.33, 0.92]
0.81 [0.73, 0.90]
Risk Ratio Risk Ratio
IV, Fixed, 95% CI
0.01 0.1 1 10 100
Favours experimental Favours control
Figure 5 Forest plot for the effect of zinc supplementation on pneumonia morbidity (incidence).
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CHERG rules to estimate effects for diarrhea and pneu-
monia specific mortality [12]. Zinc supplementation was
associated with an 18% (RR = 0.82; 95% CI: 0.64, 1.05)
reduction in deaths due to diarrheal diseases in under 5
children from developing countries. However, as the
above values were statistically non-significant the evi-
dence on cause specific mortality was labeled as low
quality. In looking at severe morbidity estimates as sur-
rogate measures, such as hospitalization due to diarrhea,
this information was only available from one study with
Table 1 Quality assessment of overall evidence for effect of zinc supplementation (alone) in reducing morbidity and
mortality in children > 5 years of age in developing countries
No of
studies
(ref )
Study
Design
Limitations Consistency Generalizability to
Population of
Interest
Generalizability to intervention of
interest
Relative
Risk
(95% CI)
Outcome: All-cause mortality: Quality of evidence: Low
7 RCTs Sequence generation and
allocation concealment was
unclear in few of the included
studies
I2= 50% Yes (all studies were
conducted in
developing
countries)
The median dose of supplementation was
10 mg/day and median duration of
supplementation was for 6 months.
0.91
(0.82-
1.01)
Outcome: Diarrhea specific mortality: Quality of evidence: Low
4 RCTs Allocation concealment was
unclear in two of the included
studies
I2=0% Yes (all studies were
conducted in
developing
countries)
The median dose of supplementation was
10 mg/day and median duration of
supplementation was for 6 months.
0.82
(0.64-
1.05)
Outcome: Diarrhea specific morbidity: Quality of evidence: Moderate
14 RCTs Sequence generation and
allocation concealment was
unclear in few of the included
studies
I2=79% Yes (all studies were
conducted in
developing
countries)
The median dose of supplementation was
10 mg/day and median duration of
supplementation was for 6 months.
0.87
(0.81-
0.94)
Outcome: Pneumonia specific mortality: Quality of evidence: Low
4 RCTs Allocation concealment was
unclear in two of the included
studies
I2= 39% Yes (all studies were
conducted in
developing
countries)
The median dose of supplementation was
10 mg/day and median duration of
supplementation was for 6 months.
0.85
(0.65-
1.11)
Outcome: Pneumonia specific morbidity: Quality of evidence: Moderate
6 RCTs Sequence generation and
allocation concealment was
unclear in few of the included
studies
I2=0% Yes (all studies were
conducted in
developing
countries)
The median dose of supplementation was
10 mg/day and median duration of
supplementation was for 6 months.
0.81
(0.73-
0.90)
Outcome: Malaria specific mortality: Quality of evidence: Low
1 RCT None NA Study conducted in
Zanzibar
Dose of supplementation was 10 mg/dl for
children > 1 year and 5mg/day for children
< 1 years.
0.90
(0.77-
1.06)
Outcome: Malaria specific morbidity: Quality of evidence: Low
4 RCTs Allocation concealment was
unclear in two of the included
studies
I2=0% Yes (all studies were
conducted in
developing
countries)
The median dose of supplementation was
10 mg/day and median duration of
supplementation was for 6 months.
0.92
(0.82-
1.04)
Table 2 Application of standardized rules for choice of final outcome to estimate effect of zinc supplementation on
mortality due to diarrhea, pneumonia and malaria in children less than 5 years of age
Outcome measure Studies Relative risk reduction Application of standard rules
Cause specific mortality (diarrhea) 4 18% reduction;
RR = 0.82 (0.64, 1.05) (Low quality of evidence)
Incidence of diarrhea 14 13% reduction;
RR = 0.87 (0.81, 0.94)
Rule 6 is applied
(Moderate quality of evidence)
(Effect Recommended for LiST)
Cause specific mortality (pneumonia)
(Zinc only studies)
4 15% reduction;
RR = 0.85 (0.65, 1.11)
Rule 6 applied
(Low quality of evidence)
(Effect Recommended for LiST)
Pneumonia morbidity 6 19% reduction;
RR = 0.81 (0.73, 0.90)
Rule 6 applied
(Moderate quality of evidence)
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an overall event rate of less than 50 [12]. As per
CHERG rules, we, therefore, considered the impact of
zinc supplementation on diarrheal incidence for a point
estimate of impact on diarrhea mortality as the evidence
was of moderate quality[12]. With the above outcomes
we took the most conservative effect between the avail-
able low quality evidence on diarrheal specific mortality
and moderate quality evidence on mild morbidity. Using
this sequential application of CHERG rules to the above
outcomes, the observed 13% reduction (RR = 0.87; 95%
CI: 0.81, 0.94) in diarrhea incidence was taken as an
effect estimate for the protective effect of zinc supple-
mentation on diarrheal disease mortality and recom-
mended for inclusion in LiST tool [12].
A similar effect of zinc was shown for pneumonia. Zinc
only supplementation studies revealed a pooled effect size
of 15% (RR = 0.85; 95% CI: 0.65, 1.11) reduction on pneu-
monia mortality but the overall quality of evidence was
rated as low. We applied CHERG rules on studies with
information on pneumonia morbidity outcomes where the
overall evidence quality was rated as moderate. Applying
CHERG rules we used the most conservative impact esti-
mate from available outcomes i.e. 15% as our pooled sur-
rogate effect size for mortality[12]. Deaths due to malaria
were included only in one study which reported a 10%
(RR = 0.90; 95% CI: 0.77, 1.06) reduction in malarial mor-
tality (low quality of evidence). In the present review there
was insufficient evidence of a protective effect of zinc sup-
plementation on malarial mortality or morbidity. There-
fore no estimates can be given for effect of zinc
supplementation on reduction of deaths due to malaria for
inclusion in the LiST tool.
Our review did not give any conclusive evidence about
any possible positive or negative interaction between zinc
and iron whereby iron decreases the absorption or bioa-
vailability of zinc. With the inclusion of IFA studies for
all-cause mortality, the results remained non-significant.
For diarrhea-specific mortality, with inclusion of IFA stu-
dies, the impact estimate of reduction decreased from 18%
to 9% but the results in both the situations were statisti-
cally non-significant. For pneumonia-specific mortality,
however, a beneficial effect was seen as the impact of all
the studies came out to be significant (RR = 0.80; 95% CI:
0.67, 0.96) compared to a 15% non-significant reduction
with zinc alone studies (RR = 0.85; 95% CI: 0.65, 1.11).
To conclude, the application of CHERG rules to avail-
able evidence on diarrhea and pneumonia for providing
effect estimates of protective effect for zinc supplemen-
tation in children for a minimum period of 3 months
indicates 13% (RR = 0.87; 95% CI: 0.81, 0.94) reduction
in mortality due to diarrheal diseases and 15% (RR =
0.85; 95% CI: 0.65, 1.11) reduction in pneumonia speci-
fic mortality. Our analysis supports inclusion of preven-
tive zinc supplementation in public health programs to
improve child health and survival and the suggested
point estimates provide a suitable starting point for
inclusion within the LiST tool and further program eva-
luation in effectiveness settings.
Additional material
Additional File 1: Characteristics of included studies
Additional File 2: Risk of bias table for the included studies
according to the latest recommendations of the Cochrane
Handbook
Acknowledgment
This work was supported in part by a grant to the US Fund for UNICEF from
the Bill & Melinda Gates Foundation (grant 43386) to “Promote evidence-
based decision making in designing maternal, neonatal and child health
interventions in low- and middle-income countries”.
This article has been published as part of BMC Public Health Volume 11
Supplement 3, 2011: Technical inputs, enhancements and applications of the
Lives Saved Tool (LiST). The full contents of the supplement are available
online at http://www.biomedcentral.com/1471-2458/11?issue=S3.
Author details
1Division of Women & Child Health, The Aga Khan University, Karachi,
Pakistan. 2Centre for Population Health Sciences, University of Edinburgh, UK.
3Department of International Health and Development, Tulane University
School of Public Health and Tropical Medicine, USA. 4Department of
International Health, Bloomberg School of Public Health, Johns Hopkins
University, Baltimore, USA.
Authors’ contributions
Professor Zulfiqar A Bhutta developed the parameters for the review and
secured requisite support. Drs Mohammad Yawar Yakoob, Evropi
Theodoratou, Afshan Jabeen, Aamer Imdad and Thomas P Eisele, Joy
Ferguson, Arnoupe Jhass and Igor Rudan participated in literature search,
data extraction and writing of the manuscript under the overall supervision
of Professor Bhutta. All authors contributed to the critical review and
finalization of the manuscript.
Competing interests
We do not have any financial or non-financial competing interests for this
review.
Published: 13 April 2011
References
1. Caulfield L, Black RE: Zinc deficiency. In Comparative quantification of health
risks: global and regional burden of disease attributable to selected major risk
factors. Geneva: World Health Organization;Ezzati M, Lopez AD, Rodgers A,
Murray CJL 2004.
2. Gibson RS, Ferguson EL: Assessment of dietary zinc in a population. Am J
Clin Nutr 1998, 68(2 Suppl):430S-434S.
3. Shankar AH, Prasad AS: Zinc and immune function: the biological basis of
altered resistance to infection. Am J Clin Nutr 1998, 68(2 Suppl):447S-463S.
4. Prasad AS: Discovery of human zinc deficiency and studies in an
experimental human model. Am J Clin Nutr 1991, 53(2):403-412.
5. Arsenault JE, Brown KH: Zinc intake of US preschool children exceeds
new dietary reference intakes. Am J Clin Nutr 2003, 78(5):1011-1017.
6. Sandstead HH: Zinc deficiency. A public health problem? Am J Dis Child
1991, 145(8):853-859.
7. Sazawal S, Black RE, Jalla S, Mazumdar S, Sinha A, Bhan MK: Zinc
supplementation reduces the incidence of acute lower respiratory
infections in infants and preschool children: a double-blind, controlled
trial. Pediatrics 1998, 102(1 Pt 1):1-5.
8. Hambidge M, Krebs N: Zinc, diarrhea, and pneumonia. J Pediatr 1999,
135(6):661-664.
Yakoob et al. BMC Public Health 2011, 11(Suppl 3):S23
http://www.biomedcentral.com/1471-2458/11/S3/S23
Page 9 of 10
9. Bates CJ, Evans PH, Dardenne M, Prentice A, Lunn PG, Northrop-Clewes CA,
Hoare S, Cole TJ, Horan SJ, Longman SC, et al: A trial of zinc
supplementation in young rural Gambian children. Br J Nutr 1993,
69(1):243-255.
10. Bhutta ZA, Black RE, Brown KH, Gardner JM, Gore S, Hidayat A, Khatun F,
Martorell R, Ninh NX, Penny ME, et al: Prevention of diarrhea and
pneumonia by zinc supplementation in children in developing
countries: pooled analysis of randomized controlled trials. Zinc
Investigators’ Collaborative Group. J Pediatr 1999, 135(6):689-697.
11. Aggarwal R, Sentz J, Miller MA: Role of zinc administration in prevention
of childhood diarrhea and respiratory illnesses: a meta-analysis. Pediatrics
2007, 119(6):1120-1130.
12. Walker N, Fischer-Walker C, Bryce J, Bahl R, Cousens S: Standards for
CHERG reviews of intervention effects on child survival. Int J Epidemiol
2010, 39(Suppl 1):i21-31.
13. Atkins D, Best D, Briss PA, Eccles M, Falck-Ytter Y, Flottorp S, Guyatt GH,
Harbour RT, Haugh MC, Henry D, et al: Grading quality of evidence and
strength of recommendations. BMJ 2004, 328(7454):1490.
14. RevMan: The Cochrane Colloboration. Review Manager (RevMan) 5 for
Windows. Oxford England; 2003.
15. Richard SA, Zavaleta N, Caulfield LE, Black RE, Witzig RS, Shankar AH: Zinc
and iron supplementation and malaria, diarrhea, and respiratory
infections in children in the Peruvian Amazon. Am J Trop Med Hyg 2006,
75(1):126-132.
16. Gupta DN, Mondal SK, Ghosh S, Rajendran K, Sur D, Manna B: Impact of
zinc supplementation on diarrhoeal morbidity in rural children of West
Bengal, India. Acta Paediatr 2003, 92(5):531-536.
17. Muller O, Becher H, van Zweeden AB, Ye Y, Diallo DA, Konate AT,
Gbangou A, Kouyate B, Garenne M: Effect of zinc supplementation on
malaria and other causes of morbidity in west African children:
randomised double blind placebo controlled trial. BMJ 2001,
322(7302):1567.
18. Osendarp SJ, Santosham M, Black RE, Wahed MA, van Raaij JM, Fuchs GJ:
Effect of zinc supplementation between 1 and 6 mo of life on growth
and morbidity of Bangladeshi infants in urban slums. Am J Clin Nutr
2002, 76(6):1401-1408.
19. Luabeya KK, Mpontshane N, Mackay M, Ward H, Elson I, Chhagan M,
Tomkins A, van den Broeck J, Bennish ML: Zinc or multiple micronutrient
supplementation to reduce diarrhea and respiratory disease in South
african children: a randomized controlled trial. PLoS ONE 2007, 2(6):e541.
20. Bhandari N, Bahl R, Taneja S, Strand T, Molbak K, Ulvik RJ, Sommerfelt H,
Bhan MK: Substantial reduction in severe diarrheal morbidity by daily
zinc supplementation in young north Indian children. Pediatrics 2002,
109(6):e86.
21. Brooks WA, Santosham M, Naheed A, Goswami D, Wahed MA, Diener-
West M, Faruque AS, Black RE: Effect of weekly zinc supplements on
incidence of pneumonia and diarrhoea in children younger than 2 years
in an urban, low-income population in Bangladesh: randomised
controlled trial. Lancet 2005, 366(9490):999-1004.
22. Baqui AH, Zaman K, Persson LA, El Arifeen S, Yunus M, Begum N, Black RE:
Simultaneous weekly supplementation of iron and zinc is associated
with lower morbidity due to diarrhea and acute lower respiratory
infection in Bangladeshi infants. J Nutr 2003, 133(12):4150-4157.
23. Ninh NX, Thissen JP, Collette L, Gerard G, Khoi HH, Ketelslegers JM: Zinc
supplementation increases growth and circulating insulin-like growth
factor I (IGF-I) in growth-retarded Vietnamese children. Am J Clin Nutr
1996, 63(4):514-519.
24. Umeta M, West CE, Haidar J, Deurenberg P, Hautvast JG: Zinc
supplementation and stunted infants in Ethiopia: a randomised
controlled trial. Lancet 2000, 355(9220):2021-2026.
25. Sazawal S, Black RE, Bhan MK, Jalla S, Sinha A, Bhandari N: Efficacy of zinc
supplementation in reducing the incidence and prevalence of acute
diarrhea–a community-based, double-blind, controlled trial. Am J Clin
Nutr 1997, 66(2):413-418.
26. Shankar AH, Genton B, Baisor M, Paino J, Tamja S, Adiguma T, Wu L, Rare L,
Bannon D, Tielsch JM, et al: The influence of zinc supplementation on
morbidity due to Plasmodium falciparum: a randomized trial in
preschool children in Papua New Guinea. Am J Trop Med Hyg 2000,
62(6):663-669.
27. Sazawal S, Black RE, Ramsan M, Chwaya HM, Dutta A, Dhingra U,
Stoltzfus RJ, Othman MK, Kabole FM: Effect of zinc supplementation on
mortality in children aged 1-48 months: a community-based
randomised placebo-controlled trial. Lancet 2007, 369(9565):927-934.
28. Bobat R, Coovadia H, Stephen C, Naidoo KL, McKerrow N, Black RE,
Moss WJ: Safety and efficacy of zinc supplementation for children with
HIV-1 infection in South Africa: a randomised double-blind placebo-
controlled trial. Lancet 2005, 366(9500):1862-1867.
29. Long KZ, Montoya Y, Hertzmark E, Santos JI, Rosado JL: A double-blind,
randomized, clinical trial of the effect of vitamin A and zinc
supplementation on diarrheal disease and respiratory tract infections in
children in Mexico City, Mexico. Am J Clin Nutr 2006, 83(3):693-700.
30. Tielsch JM, Khatry SK, Stoltzfus RJ, Katz J, LeClerq SC, Adhikari R, Mullany LC,
Shresta S, Black RE: Effect of routine prophylactic supplementation with
iron and folic acid on preschool child mortality in southern Nepal:
community-based, cluster-randomised, placebo-controlled trial. Lancet
2006, 367(9505):144-152.
31. Bhandari N, Taneja S, Mazumder S, Bahl R, Fontaine O, Bhan MK: Adding
zinc to supplemental iron and folic acid does not affect mortality and
severe morbidity in young children. J Nutr 2007, 137(1):112-117.
32. Penny ME, Marin RM, Duran A, Peerson JM, Lanata CF, Lonnerdal B,
Black RE, Brown KH: Randomized controlled trial of the effect of daily
supplementation with zinc or multiple micronutrients on the morbidity,
growth, and micronutrient status of young Peruvian children. Am J Clin
Nutr 2004, 79(3):457-465.
33. Bhandari N, Bahl R, Taneja S, Strand T, Molbak K, Ulvik RJ, Sommerfelt H,
Bhan MK: Effect of routine zinc supplementation on pneumonia in
children aged 6 months to 3 years: randomised controlled trial in an
urban slum. BMJ 2002, 324(7350):1358.
34. Tielsch JM, Khatry SK, Stoltzfus RJ, Katz J, LeClerq SC, Adhikari R, Mullany LC,
Black R, Shresta S: Effect of daily zinc supplementation on child mortality
in southern Nepal: a community-based, cluster randomised, placebo-
controlled trial. Lancet 2007, 370(9594):1230-1239.
35. Sazawal S, Black RE, Ramsan M, Chwaya HM, Stoltzfus RJ, Dutta A,
Dhingra U, Kabole I, Deb S, Othman MK, et al: Effects of routine
prophylactic supplementation with iron and folic acid on admission to
hospital and mortality in preschool children in a high malaria
transmission setting: community-based, randomised, placebo-controlled
trial. Lancet 2006, 367(9505):133-143.
36. Sazawal S, Black RE, Menon VP, Dinghra P, Caulfield LE, Dhingra U, Bagati A:
Zinc supplementation in infants born small for gestational age reduces
mortality: a prospective, randomized, controlled trial. Pediatrics 2001,
108(6):1280-1286.
37. Lira PI, Ashworth A, Morris SS: Effect of zinc supplementation on the
morbidity, immune function, and growth of low-birth-weight, full-term
infants in northeast Brazil. Am J Clin Nutr 1998, 68(2 Suppl):418S-424S.
38. Brown KH, Peerson JM, Baker SK, Hess SY: Preventive zinc
supplementation among infants, preschoolers, and older prepubertal
children. Food Nutr Bull 2009, 30(1 Suppl):S12-40.
doi:10.1186/1471-2458-11-S3-S23
Cite this article as: Yakoob et al.: Preventive zinc supplementation in
developing countries: impact on mortality and morbidity due to
diarrhea, pneumonia and malaria. BMC Public Health 2011 11(Suppl 3):
S23.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Yakoob et al. BMC Public Health 2011, 11(Suppl 3):S23
http://www.biomedcentral.com/1471-2458/11/S3/S23
Page 10 of 10
